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We consider the effect of new physics interactions in the form of tensor operators 
on the branching ratio of Bg l^l^^ where I = e, ^. We find that the present data 
on the inclusive branching ratio B Xgl^l" puts a strong constraint on the new 
physics tensor couphngs and does not ahow a large enhancement in BlZ{Bs l^l^^) 
beyond its standard model predictions. Large enhancement in BTZ{Bs I'^l^^) due 
to new physics in the form of vector /axial- vector, scalar /pseudoscalar and magnetic 
dipole operators has already been ruled out. Thus we conclude that no new physics 
can provide a large enhancement in BTZ{Bs l~^l~^) and hence it is expected to be 
observed in future experiments with a branching ratio close to its standard model 
expectation. 
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I. INTRODUCTION 



The quark level interaction b sl~^l~ , where / = e, /i, is responsible for the (a) inclusive 
semi-leptonic decay B Xgl^l^ (b) exclusive semi-leptonic decays B {K* , K)l~^l~ , (c) 
purely leptonic decays Bs l^l^ and also (d) leptonic radiative decays Bg 
inclusive and exclusive semi-leptonic decays have been observed experimentally [1 

with branching ratios close to their Standard Model (SM) predictions [7|, 
However the decays Bs and Bg —* are yet to be observed. 

The mode Bg l^l^ is helicity suppressed and the SM predictions for the branch- 
ing ratios of the decays Bg — »^ e~^e~ and Bg —>■ fi^fj^^ are (7.58 ± 3.5) x lO"^"^ and 




(3.2 ± 1.5) X 10^^ respectively HI]. In [12] we studied the relation between the semi- 
leptonic decays B {K* , K)l~^l~ and the purely leptonic decays Bg l^l^ . We found 
that if new physics interactions are in the form of vector /axial- vector operators then the 
present data on the branching ratio of 5 ^ {K*, K)l+l~ , BTZ{B (K*, K)l+l~), doesn't 
allow a large enhancement in BTZ{Bg —>■ l^l^) beyond the SM predictions. But if new 
physics interactions are in the form of scalar /pseudoscalar operators then the present data 
on BTZ{B — {K* , K)l^l^) doesn't provide any useful constraint and a large boost is possible 
in Bn{Bg 1+1-). 

The decay mode Bg l^l^'-f is free from helicity suppression and hence has a higher 
branching ratio than the purely leptonic mode in the SM 14, 1^, 16, 17, [iS, [3]. In [2^ 
we studied the constraints on BTZ{Bg coming from the experimentally measured 

values of the branching ratios of i? ^ {K* , K)l^l~ and B K*^. New physics in the form 



of scalar /pseudoscalar interactions does not contribute to Bg l^l^^ [20|, l2ll]. Also, new 
physics in form of vector/axial- vector interactions does not provide a large enhancement in 
BTZ{Bg l^l^'y) as these couplings are highly constrained by the data on B ^ {K*, K)l~^l~ . 
If new physics interactions are in the form of magnetic dipole operators then the present 
data on B {K*, K)l^l~ doesn't put any useful constraint but the data on B K*'-/ puts 



a very strong constraint [221]. This constraint makes it impossible to get a large boost in 
BTZ{Bg —>■ l'^l~'-f). Therefore, new physics in the form of vector/axial- vector operators or 
magnetic dipole operators can not boost the branching ratio of Bg l^l^'y much beyond 



its predicted SM value 



20]. 



In this paper we are interested in studying the effect of new physics in the form of tensor 
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operators on the branching ratio of Bg ^ 7. We see if new physics can enhance their 
branching ratio by an order of magnitude or more, relative to the SM prediction. These 



operators can appear from the exchange of multiple gluons or spin-2 



studied in literature in the context of the decays B K*l^l 



3, y, 



In ref. |3c 



30 



34 



3l|, 5 Xsin- [32], Bs l+l--f |33 



34 



J3> 



mrticles and have been 
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25 



26|, B 



Kl+l 



35| and Bg — > Z/I77 [3f 
35j, the polarization of the final state leptons in Bg l^l^l, due to these 
tensor operators, was calculated. Here we investigate the constraints on BTZ^Bg 



coming from the present data on both the exclusive semi-leptonic decay B Kl^l^ and 
the inclusive semi-leptonic decay B Xsl~^l~, assuming new physics only in the form of 
tensor operators. 

This paper is organized as follows. In section [Tll we present the theoretical expressions for 
the branching ratio of Bg ^ l~ 'j considering new physics in the form of tensor operators. 
In section UTTl we study the constraints on the branching ratio of Bg ^ l~ 'y coming from 
the measurements of BTZ{B Kl^l~) and BTZ{B Xgl^l^). Finally in section HVl we 
present the conclusions. 



II. EFFECTIVE HAMILTONIAN AND BRANCHING RATIO OF Bg 1+ l' 

We consider new physics in the form of tensor operators. The effective Hamiltonian for 
the quark level transition h —>■ sl~^l~ can be written as 

n{b^si+i-) = nsM + nT, (i) 

where 

nsM = ^Vt,V;gl^Cfis^,PLb)h,l + C,ois7,PLb)h,76l 

-2-^mb{sia^,q''PRb)h^n , (2) 

-Ht = ^Vt^V^gi^CT (sa^^b) la'^-'l + 1 Cte e'^'"'^ (sa^.b) Za^^/j . (3) 

Here Pl,r = (1 =F 75)/2 and is the sum of 4-momenta of /"*" and /~. Ct and Cte are new 
physics tensor couplings. In our analysis we assume that there are no additional CP phases 
apart from the single Cabibbo-Kobayashi-Maskawa (CKM) phase. Under this assumption 
the new physics couplings Ct and Cte are real. 



The Wilson coefficients in eq. ([2]) will be taken to have the following constant values: 

Cf = -0.29 , Cf = +4.214 , Cio = -4.312 . (4) 
We now consider the process Bg 7. The necessary matrix element is given by, 



(7(fc) \s^,{l-^,)h\Bs{pB) ) 



m, 



t*q)k^}f{q') 



{'j{k) \sa^^b\ B,{pb)) 



(7(fc) \-sia^,q-{l + ^^)h\B,{pB)) 



m. 



Ge^*k'' + He^*q'' + N{e*q)q^k'' 



(5) 



(6) 



ml 



e,ap.e''*q''k'^g,{q^)+t\e:{qk) 



{e*q)kAMq') 



(7) 



where e* is the polarization vector of the photon and q is the momentum transfer to the 
dilepton. The amphtude for the process Bg — > l^l'^y is given by, 



A,e^,^pe-*q''k^ + I [e;{kq) - {e*q)k^) } £7'^(1 - 75)^ 



+ {Bit,,^pe''*q''k^ + I B2 (e^ikq) - i6*q)k,^ } £7^(1 + 75)^ 
+ ie^^a(3{Ge''*k^ + He''*q^ + N{e*q)q''k'^^ la^'^i 



with 



-yeflf 



gi{.q 



'Cflf 



(9) 



B, = {Cf + C^,)g{q') - 2m,Cf ^i^, B^ = {Cf + C,,)f{q') - 2m,Cf^^- (10) 



q- 

G = ACrg.iq'), N = -ACr ( ^^^^'^ ^'^^'^ h ^ = N{qk); 



(11) 



Gi = -8CTEgi{q'), m = 8Cte (^ ^^(^')+^^(^') ^ , H, = N,{qk) . (12) 

Here the various coefficients, Ai, A2 etc, in eq. ([8]) are expressed in terms of form factors 
fiq'),giq'),fiiq') and g,{q'). 
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It is convenient to introduce dimensionless variable x = 2E^/mB^-, where is the photon 
energy. This gives = — x) and qk = m\^x/2. The hmits of integration for x are 



■^min , Xj-nax 1 4r 



(13) 



where r = {mf /m^J. We consider only hard photon in the process Bs —>■ l^l^^. For a 
photon to be observed experimentally, its minimum energy must be greater than 25 MeV 
which corresponds to x > 0.01. Therefore we take x = 0.01 as the lower limit of integration. 
The calculation of branching ratio gives 



where 



BnsM{Bs^l^l-l) 



GWt^bJBs 



2567r^ 



*|2 



(f)SM{x)dx 



The functions (h's are defined as 



967r4 



(14) 

(15) 
(16) 



0sM(a;) = x^pi 



+ 4mfc2 Cf' x^pi 



+ 47nbCfCfx^(3i 



{f(x)+g\x)) 
+ 7^^ {fKx)+gl{x)) 
{f{x)fi{x) + g{x)gi{x)) , 



3(1 -x) ■ (l-x)2 
1 r 
3 ~ 1-x 



Mx) = x'/3i {fhx)+9lix)) 



where 



4r 



(17) 
(18) 

(19) 



(1-x) • 

In eq. ( fT4l) . the interference term is neglected because it is proportional to the lepton 



mass. All such terms are consistently ignored in this ca. 



The X dependence of the form factors is given by 

(6.5)2 
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culation. 



l.OGeV/ms, 



(5.6)2 



n 2 ' 



^ ^ 0.68GeVVm| ^ ^ 3.74GeVVm| 



(5.5)2 



(6.4)2 



2 • 



(20) 



(21) 
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After integration we get, 

Bn{Bs tr-f) = [(1.33 ± 0.40) + (0.11 ± 0.03)(C| + 4C|^) 



X 10" 



(22) 



where the first term is the SM prediction and the second term is the additional contribution 
due to new physics tensor operators. The uncertainties quoted in eq. ( l22l) include a 10% 
uncertainty in the form factors shown in eq. (120|) and eq. ( 12T1) . 

We see that the branching ratio depends upon the values of Ct and Cte- Therefore in 
order to get bounds on BTZ{Bs /~ 7) we need to know the values of new physics tensor 
couplings. 



III. CONSTRAINTS ON BlZiBs r 7) 

In order to obtain bound on new physics tensor couplings, we first consider the semi- 
leptonic process B Kl^l~ . The decay amplitude for B{jpi) — > K{p2) l^{p+) l^{p-) is 
given by 



M{B Kl+l 



{K{p2) \s^,b\ B{p,)) {Cfu{p^)^,v{P+) + C,,u{p^)^,^,v{p+)] 



aGp 

{K{p2) Isia^^q^b] B{pi)) u{p^)'j^v{p+) 
+2Ct {K{p2) \sa,,b\ B{p,)) u{p^)a^'^v{p+) 

+2iCTEe^''''^ {K{p2) \sa^,b\ B{p^)) u{p-)a^pv{p+) 
where = {pi —p2)i_i = {p+ +P-)im- The relevant matrix elements are 



{K{p2)\sj,b\B{p,)) = {2p,-q),U{z) + 



g,[/o(^)-/+(z)] 



{K{pi) Isia^^q^bl B{pi)) = {2pi - q)^q^ - (m| - m%)q^ 



{K{p2)\m,,b\B{p{)) 



(2pi - q)^,qu - {2pi - q)^qf. 



J TUB + rriK 
It 



rriB + rriK 



(23) 



(24) 
(25) 
(26) 



where k = rriK/mB and rhb = rrib/mB- 

The form factors /+,o,t can be calculated in the light cone QCD approach. Their z 
q'^/m%) dependence is given by [38 1 



f{z) = /(O) exp{ciz + C2Z^ + csz^) , 



(27) 
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/(O) 


Cl 


C2 


C3 


/+ 


r. oiq+0.052 


1.465 


0.372 


0.782 


/o 


Q oin+0.052 


0.633 


- 0.095 


0.591 


/t 


n ot:c;+0.016 
U.OOO_Q 


1.478 


0.373 


0.700 



TABLE I: Form factors for the B ^ K transition 

where the parameters /(O), ci, C2 and C3 for each form factor are given in Table [B 
The calculation of branching ratio gives, 

Bn{B Ki+r) = btZsm{b Ki+r) + BnT{B Ki+r) , 



(28) 



where 



^3/2 (^2 ^^2) +4^2^1/2^2(2 + 2^2 



BTZsMiB^Ktr) = Bok 

+ Arn^i^^'^ zC^ + 9,mi ^jj^'^l - k^) EC 



dz 



BTlTiB^Kl+l-) = 5ofc(C| + 4C|^) 



dz . 



(29) 
(30) 



A, B and C are linear combinations of form-factors given by 

A = 2Cl^f Uiz) - ACfmJ^^, B = 2C,o f+{z), C = 2C,^ 



rhi = mi/niB, ^ = l+k^+z^-2{k'^+k'^z+z), [3i 
The limits of integration for z are 

Zmin 4/71^ , Zmax ~ 



, -Di 



Ok 



[l-kf 



h{z)-U{z) 

(31) 

212^^5 \^t^^ts\ 

(32) 



(33) 



The SM branching ratio for B ^ Kl^ I in next-to-next leading order (NNLO) is j3] 

BTZsM^B ^ KI+ r) = (3.5 ± 1.2) x 10"^ . (34) 
After integration we get, 

BTZriB ^Kl+ r) = (0.31 ± 0.09) x (C| + 4C|^) x 10^^ . (35) 
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Thus we have 



Bn{B Kl+r) = (3.5 ± 1.2) + (0.31 ±0.09) (C| + 4C|^) 



X 10 



-7 



(36) 



Equating the R.H.S of eq. fl36|) with the experimental value of BTZ{B —>■ K I ) given in 
Table [m we obtain 



C^ + 4C^^ = 2.58 ±4.17 . 



(37) 



Here all the errors are added in quadrature. Substituting the value of C^ + iC^^ in eq. (!22ll . 

we get 

Bn{B,, 1+ r 7) = (1.61 ± 0.62) X 10^^ . (38) 

Therefore at 3a, the maximum possible value of BTZ{Bs 7) is 3.47 x 10^^. In SM, 

the 3a upper bound on BlZ{Bs /+ /~ 7) is 2.58 x 10^^. Thus we see that the additional 
contribution of new physics tensor operators cannot boost the branching ratio of Bs ^ l~ 'j 
much beyond its SM prediction. 

We now consider the inclusive decay B XJ~^l~ and see what constraints the experi- 
mentally measured value of its branching ratio puts on the tensor operators. 



The branching ratio of i? — > Z is given by 



32| 



Bn{B Xs /+ /") = BTIsm{B X, 1+ r) + BTIt{B X, 1+ 1 



(39) 



where 



BTZsm{B ^ Xgl^ I ) = Bq Ism , 
BTZriB ^ XJ+r) = Bo It {Ct + ^C^e) 



(40) 
(41) 



The integrals Ism and It are given by 



dz 



l-z^ + ^uizf \ cf - 2 u{z) \ z^ + ^uizf - 1 \ (Cf ' ± Ci^o) 



1 
3 



-16m(^) {z-l)CfCf 



It = IQ dzu{z) 



-uizY -2z + 2 



where 



u{z) = {l-z) 



(42) 
(43) 

(44) 
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Gf = 1.166 X 10-5 GeV-2 
a = 1.0/129.0 
asinib) = 0.220 [39] 
TB, = 1.45 X 10-12 g 
mB,= 5.366 GeV 
= 5.279 GeV 
mK = 0.497 GeV 
m^/mh = 0.29 [7] 
m6 = 4.80 GeV [7] 
^ife = 1.0 

\Vts\ = (40.6 ±2.7) X 10-3 
\VtbVt*jVcb\ = 0.967 ± 0.009 [40] 

^ Kl+l-) = (4.30 ± 0.40) x 10"^ [6] 



i37^(s 



)g2>o.04 GeV2 



(4.3+i:^) X 10-6 [6] 



Bn{B Xdv) = 0.1061 ± 0.0016 ± 0.0006 [41] 



TABLE II: Numerical 
the Review of Particle 



inputs used in our analysis. Unless explicitly specified, they are taken from 
Physics [42]. 



Here z = q /ml = {pi+ +pi-) /ml = {ph — ps) /ml. The limits of integration for z are now 



^min 4:771] Tfliy , ^max (1 ) 

mb 



(45) 



as opposed to the ones given in eq. (133|) for the exclusive decay. The normalization factor 
Bq is given by 



Bo = Bn{B Xceu 
where the phase space factor f(m, 



3«2 


vzvtt 


2 1 


167r2 




2 


f{mc)K{mc) 



(46) 



h ^ cev are given by 43| 



c — ^), and the 0(0;^) QCD correction factor K{rhc) of 



/(mc) = 1 

Kirhc) = 1 



Sm^^ + Srfic^ — m^ — 2AmJ' Inm^ 

2«s("^b) [/ 2 31 n2 3' 
TT 1 — mc H — 



(47) 
(48) 
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The present world average for B{B ^ Xgl^ I ) is 6] 

i37^exp(5 ^ Xs /+ /")g2>o.04GeV2 = (4.3^^^) X 10"'^ . (49) 

The above branching ratios are given with a cut on the di-lepton invariant mass, > 
0.04 GeV^, in order to remove virtual photon contributions and the vr*^ ee7 photon con- 
version background. We keep the same invariant mass cut, > 0.04 GeV^, in order to 
enable comparison with the experimental data. With this range of g^, the SM branching 
ratio for B ^ XJ+ /" in NNLO is Q 

BTlsM^B ^ X, /+ /-),2>o.o4GeV2 = (4.15 ± 0.71) X lO-'' , (50) 

whereas BqIt = (1.47 ± 0.22) x 10"^ Using equations ([39]), ^ and ([50]), we get 

C| + 4C|^ = 0.10 ± 1.01 . (51) 

Thus we see that the measurements of inclusive rate put a stronger constraint on the tensor 
operators in comparison to the exclusive decays. 
Putting above value in eq. fl22l) . we get 

Bn{B, tr-i) = (1.34 ± 0.41) X 10"^ (52) 

At 3a, the maximum possible value of BTZ{Bs l~ 7) is 2.57 x 10~^ which is same 

as the 3(j SM upper bound. Thus we see that the effect of new physics tensor operators 
to the branching ratio of Bg l~ 'y is negligible and hence a large enhancement in 

B7l{Bs /~ 7) due to such operators is ruled out. As stated earlier, new physics in 

the form of vector /axial- vector, scalar/pseudoscalar or magnetic dipole operators cannot 
provide a large boost in BTZ{Bs 7), hence we conclude that a large enhancement in 

BTZ{Bs /+ 7) due to any kind of new physics is not possible. 



IV. CONCLUSIONS 



We are interested in finding the contribution of new physics interactions in the form of 
tensor operators to the branching ratio of Bg I'^l"^ subject to the constraints coming 
from the measurements on on the exclusive decay B —* Kl^l~ and the inclusive decay 
B XJ^l~. These operators do not contribute to purely leptonic decays. They contribute 
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only to semi-leptonic and radiative leptonic decays. We found that the present data on 
B —>■ Xgl^l" put strong constraints on these couphngs and rules out large enhancement in 
the branching ratio of Bs —>■ in comparison to the SM predictions. In 20|] it was shown 

that new physics in the form of vector/axial vector, scalar /pseudoscalar and magnetic dipole 
operators cannot provide large enhancement in BTZ{Bs l^l^'y). Therefore we conclude 
that no new physics can provide a large enhancement in the branching ratio of Bs l~ 'j 
above its SM predictions. 
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